Social media use continues to grow among pathologists. Discussions of current topics, posts of educational information, and images of pathological entities are commonly found and distributed on popular sites such as Facebook and Twitter. However, little is known about the presence of neuropathology content in social media and the audience for such content. We designed and distributed a survey to assess the demographics of users viewing neuropathology content and their opinions about neuropathology in social media. User posts on the Facebook group, Surgical Neuropathology, were also analyzed. The results show that there is a demand for neuropathology content of high quality, curated by experts, and that this demand is present among both specialists and nonspecialists. These findings suggest that social media may be useful for rapid dissemination of information in the field of neuropathology. This format also offers a unique opportunity to extend the reach of information to nonneuropathologists who may not receive neuropathology journals or have access to specialty-level neuropathology training, to build networks between professionals, and potentially to influence public opinion of neuropathology on an international scale.
INTRODUCTION
Social media usage has permeated modern society and changed the way people communicate and share information.
Two of the most popular social media platforms, Facebook and Twitter, boast 1.94 billion and 313 million active, monthly users, respectively (1, 2) . There are several attributes that attract people to these sites. First, users are able to share and receive information instantaneously and inexpensively. Facebook allows rapid sharing of posts, which may include free-text, pictures, video, and links, among users with no membership or storage fees. Twitter also allows rapid sharing of information and media but the form of information is limited to a 280-character message known as a "tweet." The popularity of these social media platforms is prevalent in business, entertainment, and politics and is becoming increasingly adopted within the medical community. Within pathology, a field in which image content is an important diagnostic component, social media offers an opportunity to share complex information and educational content internationally (Fig. 1) . Given the variability of training and exposure to uncommon neuropathologic entities, social media may be an ideal format to disseminate knowledge around the globe.
Pathologists have increasingly utilized social media for information sharing in the recent past. During the 2017 United States and Canadian Academy of Pathology (USCAP) annual meeting, pathology Twitter users generated 57 961 676 impressions (3), or moments a tweet appears on an account's timeline (4) , which is over double the impressions generated during the 2016 USCAP annual meeting (5, 6) . The real-time sharing of the USCAP conference, known as "live tweeting," parallels the popularity of social media sharing seen at other scientific meetings, and live tweeting is seen by many as one way of disseminating information to scientists unable to attend due to geographic or financial restrictions (7) . In addition to accessibility, social media has also been described as a "force multiplier" in pathology, a means to educate, share the experience, represent the views, and voice the concerns of the profession to lawmakers and the public (8) .
The advantages of social media use in regard to information sharing and representation are particularly applicable to the field of neuropathology. Neuropathology training, practice, and exposure to rare entities vary widely between countries (9) . Furthermore, while a recent survey of 48 countries found that 47 had access to immunohistochemistry, 12 did not have ready access to molecular techniques for brain tumors (10) . As such, implementing a readily available resource of neuropathology cases and instruction curated by neuropathology experts would be ideal for reaching areas with limited neuropathological capabilities and access. Social media may be a fitting means of sharing such cases and information as it is free to use and easily accessible (11) .
In order to assess and improve neuropathology content for social media distribution, an opinion survey was designed and distributed via the social media accounts of the American Association of Neuropathologists (AANP). In addition, the active Facebook group Surgical Neuropathology was evaluated for current representation of neuropathology content on social media.
MATERIALS AND METHODS
A 10-question survey was generated by the authors on SurveyMonkey (Table 1) , a free-to-use web-based survey service (12) , and distributed to social media users via hyperlink through AANP Facebook (1200 followers) (13) and Twitter accounts (1477 followers) (14) . Responses were collected from January to May 2017. Demographic data were collected in discrete categories, and opinion data were collected using a multiple tier Likert scale, such as the 4-tier scale with scores ranging from a score of 1 for Strongly Disagree to a score of 4 for Strongly Agree.
Data from posts in the Facebook group entitled Surgical Neuropathology were recorded and analyzed from the creation of the group in August 2014 to May of 2017. Data included author, author training, author country of origin, post type, diagnosis (if available), number of likes, and number of comments. Types of posts were categorized as follows: spam and noncontributory posts, cases for opinion without diagnosis, cases for education with diagnosis known, literature posts with links to articles, website, or educational resource posts other than articles, and miscellaneous posts. The Surgical Neuropathology Facebook page has 19 553 followers as of September 2017 (15) .
RESULTS
The survey received 296 responses from 63 unique countries. The majority of participants primarily used Facebook (59.0%, n ¼ 174), Twitter (23.4%, n ¼ 69), or both, were aged 30-39 years (47.5%, n ¼ 140), and were more often female (66.1%, n ¼ 195) (Fig. 2) . Top reported countries of residence were India (n ¼ 59), United States (n ¼ 58), Spain (n ¼ 14), Brazil (n ¼ 13), and Egypt (n ¼ 12) (Fig. 3) . More detailed localization of participants was not possible from the survey data or using Facebook or Twitter tools. Most respondents were either practicing pathologists with an interest in neuropathology (46%, n ¼ 127) or pathology residents (25.7%, n ¼ 71) with only a minority specializing in neuropathology (9.4%, n ¼ 26) or currently a neuropathology fellow (3.6%, n ¼ 10) (Fig. 4) . Pathology related content was principally viewed on Facebook (85.1%, n ¼ 251), Twitter (47.5%, n ¼ 140), and Instagram (15.6%, n ¼ 46) (Fig. 5) . Respondents indicated that they would like to see more utilization of social media for educational purposes in the field of neuropathology (average score 3.4960.11, with top score of 4), and more clinical "pearls" on Facebook and/or Twitter in the traditional case format (average score 3.1660.53). Pathology cases seen on social media were considered relevant to practice (average score 3.10), and social media platforms were felt to contain useful neuropathology information (average score 3.10) (Table 2). Preferred types of posts, ranked with 1 being the most useful and 6 least useful, were posts with diagrammed images and explanatory text (average score 2.6062.06), posts with images of common entities (average score 3.1662.34), and posts with clinical history and ancillary information such as a neuroradiology image (average score 3.1762.26) ( Table 3) .
Respondents most often viewed pathology-related posts (average score 3.6860.30, with highest score 4) and neuropathology-related posts (average score 3.0560.82) on their feed at least once a week, but rarely made original posts on the topic of neuropathology (average score 1.5760.76) ( Table 4 ; Fig. 6 ). Free text comments by survey respondents reflected desires for quality images, prevention of false or hoax posts, inclusion of explanations and clinical "pearls," ancillary information such as clinical history and imaging, and inclusion of more common cases as well as basic histology. In depth survey results can be viewed here: https://goo. gl/11JU4i
In regard to the Surgical Neuropathology Facebook page, 1014 posts were recorded from 173 unique contributing authors from 29 countries. The countries most frequently represented by authors were India (n ¼ 54), Brazil (n ¼ 14), and Pakistan (n ¼ 10). When training could be determined, the majority of contributing authors were surgical pathologists (n ¼ 50) followed by physicians of unspecified training (n ¼ 21), and residents (n ¼ 8). Nonpathologist contributors included a neurosurgeon, pharmacist, cardiologist, oncologist, and pediatric surgeon as well as students (n ¼ 5). The majority of posts were categorized as educational (n ¼ 465), including links to literature, websites, educational resources (n ¼ 107), and educational cases with the diagnosis provided (n ¼ 358). Posts asking for opinions on diagnosis were frequent (n ¼ 220) as were miscellaneous, noncontributory, and spam posts (n ¼ 329).
For posts with final diagnoses available (n ¼ 702) neoplastic cases were most frequent (399) with glioblastoma being the more frequent entity (n ¼ 48), followed by meningioma (n ¼ 33) and medulloblastoma (n ¼ 22). The most likes for any 1 post were 116 likes for a case of ecchordosis physaliphora. The most comments for any 1 post were 87 comments for a case of endolymphatic sac tumor.
DISCUSSION
In this survey, there was a high level of agreement that greater use of social media for educational purposes is desirable, with 98% of respondents agreeing or strongly agreeing that they would like to see more neuropathology content. While there was no uniformly favored format for the content, images with educational diagrams and arrows was slightly more favored. A striking observation in this survey was the strong predilection of respondents to be viewers, rather than posters, of neuropathology content. Of the respondents, 95% viewed some pathology content at least once per week and 72% viewed specifically neuropathology content at least 1 time per week. In contrast, 89% of respondents indicated they "never" or only "rarely" personally postneuropathology content. Combined, these findings suggest there is an unmet desire for more neuropathology educational content in social media, and that most followers of the AANP social media formats prefer to view, rather than post, neuropathology content. Facebook and Twitter were the favored formats; however, we note that the survey was sent to followers of the AANP Facebook and Twitter accounts. Audience demographics showed that specialists in neuropathology were a small minority among surveyed social media users on Facebook and Twitter. Instead, nonspecialists were the great majority of users, representing an opportunity for instructive posts covering key features, new developments, and clinical "pearls" for commonly seen neuropathological entities. The low representation of neuropathologists on social media was also seen among contributing authors to the Surgical Neuropathology page with only 1 identifiable neuropathologist recorded.
The ages of those responding to the survey ranged from younger than 17 to over 60 years of age, suggesting the potential to not only reach practicing pathologists but also students and residents with developing interests in neuropathology. As a result, neuropathology content on social media may represent a means to share a view of the neuropathology field as well as a means for generating interest among potential neuropathology candidates. Greater participation by experts in neuropathology could be beneficial for generating both educational content and interest in the field.
The international reach of social media is reflected in our survey results. Social media allows and encourages pathologists to interact internationally (16) , which offers networking, educational, and research opportunities. By removing geographic barriers, pathologists around the world are given the opportunity through social media to interact instantly with neuropathologists and representatives of professional organizations such as the AANP. Interacting through social media may also make such interactions with experts less intimidating (16) .
In addition, methods available for the neuropathological evaluation of clinical samples differ between countries, as does access to experts (10), making social media an attractive means of breaking geographic and economic barriers to neuropathological information and expertise. As demonstrated in Surgical Neuropathology Facebook Group with nearly 46% of posts intended for educational purposes, the use of social media for education is already well underway, featuring entities commonly encountered by surgical pathologists around the world, most commonly tumors such as gliomas and meningiomas.
Not only is international accessibility useful for education, it has also provided opportunities for research collaboration, particularly when rare cases are needed (17) . Given the esoteric nature of neuropathology, the opportunity for international collaboration on rare entities could be a very relevant advantage of social media interaction between neuropathologists. Effective use of social media to share pathology information should include joining popular groups with high membership, utilize a language that is widely understood in the group (most often English for international groups), design a group with administrator rights to dismiss members who are noncompliant with group publication rules, and include charts and graphs where appropriate (18) . While there are many advantages to the use of social media in pathology, there are a number of complex issues that arise with the use of social media for discussions about diagnostic images. Some critics argue that social media use by medical professionals may be harmful. One such critic argues that physicians are not trained to give generalized health advice, that social media allows for equal standing of opinions from users with dubious expertise, and that health information on the internet may create health disparities by not serving those without access to the internet (19) . However, there are arguments in favor of widespread use of social media in continuing medical education. First, pathologists are usually trained and qualified to educate other physicians and students on pathological entities and many do so daily as part of their routine practice. The use of social media represents a logical extension for the distribution of educational content describing key findings in accordance with established guidelines such as those published by the World Health Organization. It is true that it can be difficult to assess the expertise of those posting content on social media, a point reflected by responses from this survey asking moderators to "block false posts" and requesting more input of content from experts. In order to address these concerns, established neuropathologists and academic institutions could be encouraged to join social media in order to provide their expertise and to assure the quality of instructive content as curators or editors. More neuropathologists using social media will result in more expedient removal or contradiction of incorrect neuropathology information, providing an invaluable public service for online learners. Finally, while there are many in the world without internet access, the same is true of access to textbooks and journals on the topic. Nearly 1 billion households worldwide have access to the internet, and 7 billion people in the world have potential access to a mobile-cellular network (20) . The potential to reach so many around the world through social media for neuropathology education and collaboration is an opportunity for widespread education and public service.
Another limitation of social media for sharing pathology information is the limited resolution of these formats. Social media formats anticipate that images will be viewed on monitors, and resolution is optimized for viewing on screens. This resolution is below the typical resolution of journals and books. While images may be captured with digital cameras specifically built for microscopes (18) , quick low-resolution images may also be obtained with cell phone cameras (21) , and instructions are even available online (22) .
A final concern regarding social media is the issue of patient privacy. This is an important issue, but one that can be easily remedied through thoughtful social media content preparation. Histology images are not identifiable and do not interfere with the privacy of individual patients, as long as all identifiers have been removed prior to posting the images. Experts recommend that dates of specimen acquisition, and detailed geographic location be omitted or altered in posts to protect anonymity (16, 23) . Furthermore, it is argued that pathology images shared on social media are ethically no different from images and information found in case reports, as both social media and medical journals can be accessed by the nonmedical public (23) . In fact, given the decline in published case reports in recent years, social media stands as a viable means of sharing such interesting cases (23). Crane and Gardner have explored the ethical issues surrounding posting of pathology images on social media, and their paper provides detailed recommendations for protecting patient privacy while using social media for pathology education (23).
Copyright is not protected when information and images are posted in the public domain (18) . Some authors who wish to prevent broad public use of images may place watermarks on the image, or place text in a way that is difficult to remove from the image.
A bias of this study is that it reached people who are already users of social media and are more likely to respond positively regarding neuropathology content on social media. However, the results of the study give valuable insight into an international audience that demands increased quality neuropathology content. The AANP Facebook and Twitter accounts have 1740 (13) and 1911 (14) followers as of January 21, 2018 , and this number continues to grow. The survey of AANP social media (Facebook and Twitter) includes a substantial proportion of experts in neuropathology, while the Surgical Neuropathology Facebook survey is predominantly surgical pathologists, without expert knowledge of neuropathology. These numbers of potential viewers of neuropathology content, in addition to those in the Facebook group, Surgical Neuropathology, represent a great opportunity to positively influence patient care through informative educational content. FIGURE 6 . Respondents showed a tendency to utilize social media predominantly to view neuropathology information (37% weekly, and 35% more often than weekly), only infrequently posting neuropathology information (59% never, and 30% only rarely).
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Conclusion
Social media offers an excellent opportunity for the dissemination of neuropathology knowledge as well as international networking and collaboration. The current survey was conducted in order to assess opinions of viewers of neuropathology content on social media as well as demographics. Most respondents were pathologists with an interest in neuropathology but without specialized training. Most authors of posts on Surgical Neuropathology were surgical pathologists and the majority of cases posted pertained to neoplastic entities. Survey respondents were positive about the utility of neuropathology content on social media for both education and practice, wanted more neuropathology content on social media, and chiefly preferred diagrammed images and common neuropathological entities. Most respondents viewed neuropathology content on social media 1 or more times a week but rarely or never generated original posts. These survey results suggest a market for neuropathology social media content as well as a need for more content generated and curated by neuropathology experts around the world.
